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INK SET AND INK JET RECORDING 
METHOD 

TECHNICAL FIELD 

The present invention relates to an ink set that is suitable 
in particular for an ink jet recording method, and the ink jet 
recording method. 

BACKGROUND ART 

In an ink jet recording method, recording is carried out by 
discharging a recording liquid from minute noZZles provided 
in a recording head through the vibration of pieZoelectric 
elements, the action of thermal energy or the like; the 
method has advantages such as quietness during recording, 
it being possible to obtain high-resolution images at high 
speed by using a high-density head, and running costs being 
loW. The method is thus used in various recording ?elds such 
as printers for personal computers, video printers, and 
graphics printers. 

In the case of forming color images using the ink jet 
recording method, inks of at least the three primary colors 
magenta, yelloW and cyan are used, and recording of full 
color images is carried out by controlling the discharged 
amount and dot density of each of the inks and thus carrying 
out subtractive color mixing. In recent years, a method has 
become common in Which, to obtain high-resolution images, 
for the magenta and cyan inks, dark and light inks having a 
different density to one another are used to reduce the 
sensation of graininess, Whereby ?ner images can be 
obtained. It is important that each of the inks itself has 
excellent color reproducibility, and it is also important that 
good color reproducibility can be realiZed When printing is 
carried out combining the dark and light magenta ink, 
yelloW ink and dark and light cyan ink to form red, green, 
blue and black. 

Furthermore, Water-based inks are mainly used as ink jet 
inks from a safety perspective With regard to odor, ?re 
prevention and so on, and various characteristics are 
demanded of these inks, for example values of physical 
properties such as the viscosity and surface tension being 
insuitable ranges, noZZle clogging properties and storage 
stability being excellent, recorded images With high density 
(high optical density, vivid tones) being provided, and 
light-fastness and Water resistance being excellent. 

Most of these properties are satis?ed by using a Water 
based ink having Water or a mixed liquid of Water and a 
Water-soluble organic solvent as a main solvent, but color 
reproducibility, vividness, light-fastness and so on are 
greatly in?uenced by the colorant used, and hence various 
dyes have been investigated from hitherto. In ansWer to the 
above demands, in Japanese Patent Application Laid-open 
No. H5-214259, Japanese Patent Application Laid-open No. 
H8-310116, Japanese Patent Application Laid-open No. 
H9-3380, and Japanese Patent Application Laid-open No. 
H11-199809, it has been disclosed that excellent color 
reproducibility and light-fastness can be obtained even for 
secondary colors and tertiary colors through ink sets that use 
speci?c dye sets. 

Moreover, the properties of magenta ink are poor With 
regard to light-fastness in particular, and hence in Japanese 
Patent Application Laid-open No. S57-5769, WO 96/24636, 
Japanese Patent Application Laid-open No. S62-192474, 
Japanese Patent Application Laid-open No. S63-19288, 
Japanese Patent Application Laid-open No. H10-306221, 
Japanese Patent Application Laid-open No. H1-29730, J apa 
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2 
nese Patent Application Laid-open No. H11-158429, Japa 
nese Patent Application Laid-open No. 2001-19881 and so 
on, magenta dye inks having excellent tone, vividness and 
light-fastness have been disclosed. Moreover, in Japanese 
Patent Application Laid-open No. H2-127482, a recording 
method has been disclosed using dark and light inks in 
Which the type of dye differs betWeen the dark ink and the 
light ink. 

HoWever, With printed articles produced through conven 
tional inkjet recording using such dyes, there is a problem 
that the printed article fades upon exposure to light. Fading 
is particularly marked With a single magenta ink color, and 
as a result there is a problem that fading is also great With 
secondary and tertiary colors such as red, blue and compos 
ite black. Furthermore, it is still not possible to provide color 
printing With high resolution and fastness as a color record 
ing method, for example storage reliability With regard to 
clogging properties, discharge stability and so on, and toning 
and color reproducibility are insuf?cient. 

Moreover, in the above-mentioned recording method, 
reliability With regard to ink clogging and so on, tone, 
vividness and light-fastness may not be at a suf?ciently 
satisfactory level, and even if light-fastness is excellent With 
a single color, When mixing With another color light fading 
is promoted through interaction With the other color, and as 
a result it is still not possible to provide excellent images in 
the case of full color image formation. 

It is thus an object of the present invention to resolve these 
problems. That is, it is an object of the present invention to 
provide an ink set according to Which light-fastness is 
excellent, storage stability With regard to clogging, dis 
charge stability and so on is good, and tone, color repro 
ducibility and other properties are satis?ed, and a recording 
method using this ink set. 

Moreover, it is an object of the present invention to 
provide a magenta ink according to Which reliability With 
regard to clogging and soon is high, coloration in the case of 
a single color is excellent, vividness and light-fastness are 
obtained, and color images can be obtained that have excel 
lent vividness and light-fastness even in mixed color parts 
Were mixing is carried out With an ink of another color. 

DISCLOSURE OF THE INVENTION 

The above-mentioned objects are attained through the 
folloWing invention. 
An ink set of the present invention is an ink set that 

comprises inks each of Which contains at least a dye, a 
Water-soluble organic solvent and Water, and that comprises 
a combination of magenta ink that contains a dye having a 
structure shoWn in general formula (I) beloW, yelloW ink, 
and cyan ink. 

General formula [I]: 

Y 

N k N 

I )\ / NH 
HO HN N NH Y 
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-continued 
Y 

| X 
/ / 

l(MO3S) 

X: —COOM or —SO3M 

M: —H, —Li, —Na, —K, —NH4 or —NH(CH2OH)3 
n=integer from 2 to 10 
m=integer from 1 to 4 
l=0 or 1 

Moreover, in the ink set of the present invention, the 
yellow ink may be one that contains at least one dye selected 
from the group consisting of a dye containing C.I. Direct 
YelloW 86 and CI. Direct YelloW 132 in a Weight ratio of 1:3 
to 3:1, and a dye containing C.I. Direct YelloW 86 and CI. 
Direct YelloW 173 in a Weight ratio of 1:4 to 4:1, and the 
cyan ink may be one that contains at least one dye selected 
from the group consisting of CI. Direct Blue 86 and CI. 
Direct Blue 199. 

Moreover, the magenta ink in the ink set of the present 
invention may be dark and light magenta ink comprising 
dark magenta ink containing a dye having a structure shoWn 
in general formula (I) above, and light magenta ink con 
taining a dye having a structure shoWn general formula (II) 
beloW. 

General formula (II): 

(Where X‘ indicates an anilino group substituted With at 
least one SO3M; 

1O 
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4 
Y‘ indicates OH, Cl or a morpholino group; 

M‘ indicates H, Li, Na, K, ammonium, or an organic 
amine.) 

Moreover, in the ink set of the present invention, the 
magenta ink may be dark and light magenta ink comprising 
dark magenta ink containing a dye having a structure shoWn 
in general formula (I) above, and light magenta ink con 
taining a dye having a structure shoWn in general formula 
(II) above, the yelloW ink may be one containing at least one 
dye selected from the group consisting of a dye containing 
C.I. Direct YelloW 86 and CI. Direct YelloW 132 in a Weight 
ratio of 1:3 to 3:1, and a dye containing C.I. Direct YelloW 
86 and CI. Direct YelloW 173 in a Weight ratio of 1:4 to 4:1, 
and the cyan ink may be dark and light cyan ink containing 
at least one dye selected from the group consisting of CI. 
Direct Blue 86 and CI. Direct Blue 199. 

Furthermore, the present invention also relates to an ink 
jet recording method of forming a color image using at least 
dark and light magenta ink, yelloW ink, and dark and light 
cyan ink, the ink jet recording method using the above 
mentioned ink set. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

By carrying out ink jet recording using an ink set accord 
ing to the present invention, multi-color images can be 
provided having eXcellent storage stability, color reproduc 
ibility and other properties, With light-fastness being good 
not only for single colors but also secondary colors and 
tertiary colors. FolloWing is a detailed description of the 
present invention, citing preferable embodiments of the 
present invention. 

An ink set of the present invention is an ink set that 
comprises inks each of Which contains at least a dye, a 
Water-soluble organic solvent and Water, and that comprises 
a combination of magenta ink that contains a dye having a 
structure shoWn in general formula (I) beloW, yelloW ink, 
and cyan ink. 

General formula [I]: 

Y 

N k N 

I )\ / NH 
HO HN N NH Y 
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M: —H, —Li, —Na, —K, —NH4 or NH(CH2OH)3 that contains at least one dye selected from the group 
n=integer from 2 to 10 consisting of CI. Direct Blue 86 and CI. Direct Blue 199. 
m=integer from 1 to 4 By carrying out ink jet recording using this ink set, recorded 
1:0 or 1 image having high vividness and excellent light-fastness can 

5 . 

In the above ink set, the yelloW ink may be one that be Obtalned- _ _ 
contains at least one dye selected from the group consisting The _dye havlng a Structure Shown 1n general formula (I) 
of a dye containing C.I. Direct YelloW 86 and CI. Direct above 15 Preferably a Water-Soluble dye~ 
Yellow 132 in a Weight ratio of 133 to 331, and a dye The folloWing speci?c examples can be given of the dye 
containing C.I. Direct YelloW 86 and CI. Direct YelloW 173 represented by general formula (I) used in the rnagenta ink, 
in a Weight ratio of 1:4 to 4:1, and the cyan ink may be one but there is no limitation to these. 

(M-l) 

OH OH 

N )\N H H N )\N 
COONH4 i A | | i )\ H4NOOC / N (CH ) N / 

HO HN N N/ \H/ 2 4\H/ \N N NH OH 
N | | N 
\\ H O O H // 
N N 

NaO3S SO3Na NaO3S SO3Na 

(M-Z) 

OH OH 

)\ N N Ho HN N N/ \N N NH OH \H/ (CH2)s 
NaOOC N | T N COONa 

\\ H o o H // 
N N 

NaO3S SO3H HO3S SO3Na 

(M-3) 

H OCH3 

1*“ t t “i \N 
A N (CH) N )\ )\ 

HO HN N T/ \n/ “T \N N NH 0 
H o o H 

H 

N N COONa 
\\ // 
N N 

COONH4 

H4NO3S NaO3S SO3Na 

(M4) 

I ji 
N \ N H H N \ N 

cooNH4 I | | I 
/ / N (CH2)4 N\ / 

HO HN N N \H/ T N N NH OH 
N | | N 
\\ H o o H // 
N N 

cooNH4 
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-continued 

(M-lO) 

ji j 
N \ N H H N \ N 

cooNH4 I | | I 
/ / N (CH2)4 N\ / 

HO HN N N \II/ \II/ N N NH OH 
N | | N 
\\ H o o H // 
N N 

COONH4 
H4NO3S SO3NH4 H4NO3S SO3NH4 

(M-11) 

H 

| 
(CH2)s 

HO HN N N \II/ T N N NH OH 
NaOOC N | | N COONa 

\\ H o o H // 
N N 

(M-12) 

N H 
COOLi I | | 

/ / N (CH2)2 

HO HN N N \II/ \II/ N N NH OH 
N | | N SO3Na 
\\ H o o H // 
N N 

It is preferable for the magenta ink to contain 1.0 to 4.0 rnula (I) above, and light magenta ink containing a dye 
Wt % of the dye Shown in above-mentioned general formula 50 having a structure ShOWrl in general formula belOW. 
(I) relative to the total amount of the rnagenta ink, the yelloW 
ink to contain 0.3 to 4.0 Wt % of at least one dye selected Generalformula (H): 

from the group consisting of a dye containing C.I. Direct 
YelloW 86 and CI. Direct YelloW 132 in a Weight ratio of 1:3 0 
to 3:1, and a dye containing C.I. Direct YelloW 86 and CI. 55 
Direct YelloW 173 in a Weight ratio of 1:4 to 4:1, relative to / 
the total amount of the yelloW ink, and the cyan ink to X! 

contain 1.0 to 4.0 Wt % of at least one dye selected from the N4< 
group consisting of CI. Direct Blue 86 and CI. Direct Blue \ 

N 

Y, 

CH3 

199 relative to the total amount of the cyan ink. By making NH / 
the dye contents be in these ranges, printing density and N:< 
vividness, and reliability of the ink jet ink, for example ink 

. . . . . O NH 

clogging properties and discharge stability, can be secured. 
Moreover, in the above ink set, the rnagenta ink may be 65 

dark and light rnagenta ink cornprising dark rnagenta ink M035 
containing a dye having a structure shoWn in general for 
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-continued 
0 

N/CH3 
X, 

H NH4</ \N 
H 

O NH Y’ 

M'O3s 

(Where X‘ indicates an anilino group substituted With at least 
one $03M: 

Y‘ indicates OH, Cl or a morpholino group; and 

M‘ indicates H, Li, Na, K, ammonium, or an organic 
amine.) 

By carrying out ink jet recording using this ink set, 
recorded images having high vividness and excellent light 
fastness can be obtained. 

The magenta dyes shoWn in general formula (I) and 
general formula (II) above are preferably Water-soluble 
dyes. 

It is preferable for the dark magenta ink to contain 1 to 5 
Wt % of the dye having a structure shoWn in general formula 
(I) above relative to the total Weight of the dark magenta ink, 
and for the light magenta ink to contain 0.5 to 4 Wt % of the 
dye having a structure shoWn in general formula (II) above 
relative to the total Weight of the light magenta ink. 

The magenta dye represented by general formula (I) for 
the dark ink has extremely good vividness and light-fastness 
as a single color. Speci?c eXamples are the dyes shoWn as 
(M-1) to (M-12) above, but there is no limitation to these. 

The dye concentration in the dark ink depends on the 
color value of the dye, but by making the ink contain the dye 
in an amount in a range of 1 to 5 Wt %, suf?cient coloring 
and density can be obtained. More suitably, the dye con 
centration is preferably such that the magenta OD value is 
1.0 to 1.5 When solid printing (printing of completely 
?lled-in blocks With 100% duty) is carried out on so-called 
normal paper, i.e. in a range of 1.5 to 3.5 Wt %. 

Moreover, the magenta dye represented by general for 
mula (II) for the light ink has relatively good light-fastness 
as a single color, although not as good as that of the dye of 
general formula When miXed With inks of other colors in 
particular, the magenta dye represented by general formula 
(II) has an action of not promoting light fading of other 
colors or White. Speci?c eXamples are the dyes shoWn 
beloW, but there is no limitation to these. 
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-continued 
LM-12 

O 
SO3NH4 

CH3 N/ 
NH 

<N \< NH / N SO3Na 

N_ 

O NH OH 

503K 

The dye concentration in the light ink depends on the 
color value of the dye and the color balance When combined 
With the dark magenta ink, but by making the ink contain the 
dye in an amount in a range of 0.5 to 4 Wt %, suf?cient 
coloring and density can be obtained, and moreover the 
balance With the dark ink Will be good. More suitably, the 
dye concentration is preferably such that the magenta OD 
value of the light ink is about 25% of the OD value of the 
dark magenta ink, i.e. in a range of 0.25 to 0.75, When solid 
printing (100% duty) is carried out on so-called normal 
paper, i.e. the dye concentration is preferably in a range of 
1 to 3 Wt %. 

Moreover, in the above ink set, the magenta ink may be 
dark and light magenta ink comprising dark magenta ink 
containing a dye having a structure shoWn in general for 
mula (I) above, and light magenta ink containing a dye 
having a structure shoWn in general formula (II) above, the 
yelloW ink may be one containing at least one dye selected 
from the group consisting of a dye containing C.I. Direct 
YelloW 86 and CI. Direct YelloW 132 in a Weight ratio of 1:3 
to 3:1, and a dye containing C.I. Direct YelloW 86 and CI. 
Direct YelloW 173 in a Weight ratio of 1:4 to 4:1, and the 
cyan ink may be dark and light cyan ink containing at least 
one dye selected from the group consisting of CI. Direct 
Blue 86 and CI. Direct Blue 199. By carrying out ink jet 
recording using this ink set, recorded images having high 
vividness and eXcellent light-fastness can be obtained. 

It is preferable for the dark magenta ink to contain 1.0 to 
4.0 Wt % of the dye shoWn in general formula (I) above 
relative to the total Weight of the dark magenta ink, for the 
light magenta ink to contain 0.5 to 3.0 Wt % of the dye 
shoWn in above-mentioned general formula (II) relative to 
the total Weight of the light magenta ink, for the yelloW ink 
to contain 0.3 to 4.0 Wt % of at least one dye selected from 
the group consisting of a dye containing C.I. Direct YelloW 
86 and CI. Direct YelloW 132 in a Weight ratio of 1:3 to 3:1, 
and a dye containing C.I. Direct YelloW 86 and CI. Direct 
YelloW 173 in a Weight ratio of 1:4 to 4:1, relative to the total 
Weight of the yelloW ink, and for the dark and light cyan ink 
to comprise dark cyan ink containing 1.0 to 4.0 Wt % of at 
least one dye selected from the group consisting of CI. 
Direct Blue 86 and CI. Direct Blue 199 relative to the total 
Weight of the dark cyan ink, and light cyan ink containing 
0.5 to 3.0 Wt % of at least one dye selected from the group 
consisting of CI. Direct Blue 86 and CI. Direct Blue 199 
relative to the total Weight of the light cyan ink. By making 
the dye contents be in these ranges, printing density and 
vividness, and reliability of the inkjet ink, for eXample ink 
clogging properties and discharge stability, can be secured. 

Speci?c eXamples of the dye represented by general 
formula (I) used in the dark magenta ink are previously 
mentioned (M-1) to (M-12), but there is no limitation to 
these. 
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Speci?c examples of the dye represented by general 
formula (II) used in the light magenta ink are previously 
mentioned (LM-1) to (LM-12), but there is no limitation to 
these. 

In addition to the speci?c dyes described above, the 
magenta ink, yelloW ink and cyan ink described above also 
each contains Water or a mixed liquid of Water and a 
Water-soluble organic solvent. The Water is preferably 
deioniZed Water rather than general Water, Which contains a 
variety of ions, and the Water-soluble organic solvent is 
preferably a solvent having loW volatility from the vieW 
point of suppressing clogging. Examples include polyhydric 
alcohols such as ethylene glycol, diethylene glycol, trieth 
ylene glycol, polyethylene glycol, propylene glycol, 1,3 
propanediol, 1,5-pentanediol, 1,2-hexanediol, 1,2,6 
hexanetriol and glycerol, glycol ethers such as ethylene 
glycol monomethyl ether, ethylene glycol monobutyl ether, 
diethylene glycol monomethyl ether, diethylene glycol 
monobutyl ether, triethylene glycol monomethyl ether, tri 
ethylene glycol monobutyl ether, propylene glycol monom 
ethyl ether, propylene glycol monobutyl ether and dipropy 
lene glycol monomethyl ether, nitrogen-containing solvents 
such as formamide, dimethylformamide, diethanolamine, 
triethanolamine, 1,3-dimethyl-2-imidaZolidinone, 
2-pyrrolidone and N-methyl-2-pyrrolidone, and sulfur 
containing solvents such as thiodiglycol and dimethylsul 
foxide. HoWever, there is no limitation to these compounds 
in the present invention, and it is also acceptable to include 
a plurality of types of Water-soluble organic solvent. 
Moreover, these solvents may be used singly, or tWo or more 
types may be used together. It is suitable for an ink jet ink 
for the content of the Water-soluble organic solvent(s) to be 
in a range of 3.0 to 50.0 Wt % relative to the total Weight of 
the ink. By making the content be at least 3.0 Wt %, clogging 
at the nozzle tips becomes not prone to occur, and by making 
the content be not more than 50.0 Wt %, the occurrence of 
phenomena such as dropping of the drying ability of 
recorded images and smudging of images leading to a drop 
in printing quality can be prevented. 

Furthermore, to prevent ink clogging, a Wetting agent that 
is a solid at normal temperatures and has a moisture 
absorbing ability such as urea, trimethylol ethane or trim 
ethylol propane is also effective; the amount added thereof 
is preferably 2 to 20 Wt %, more preferably 5 to 10 Wt %, 
relative to the total Weight of the ink. 

Moreover, dropping of the printing quality, smudging and 
the like are problems, but by including a glycol ether or the 
like or an acetylenic glycol type nonionic surfactant, these 
problems can be resolved, and vivid images With no smudg 
ing can be obtained. More preferably, by using a glycol ether 
or the like and an acetylenic glycol type nonionic surfactant 
together, color images With yet better vividness and printing 
quality can be obtained. 
A Water-soluble organic solvent as mentioned earlier is 

preferable as the glycol ether, With particularly preferable 
examples being diethylene glycol monobutyl ether, trieth 
ylene glycol monobutyl ether, propylene glycol monobutyl 
ether and dipropylene glycol monobutyl ether. The amount 
added may be the same as that of the Water-soluble organic 
solvent mentioned earlier, but is more preferably selected 
from a range of 3.0 to 20.0 Wt %. If it is less than 3.0 Wt % 
then effects Will hardly be obtained, and if it is more than 
20.0 Wt % then smudging Will actually become greater, the 
image as a Whole Will become blurred, and the printing 
quality Will be reduced; it is thus preferable to use the glycol 
ether in the mentioned range. 

Examples of the acetylenic glycol type nonionic surfac 
tant include Ol?ne E1010, Ol?ne STG and Ol?ne 104E (all 
made by Nissin Chemical Industry Co., Ltd.). The amount 
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16 
added thereof is preferably in a range of 0.01 to 3.0 Wt % 
relative to the total Weight of the ink. 
The Water content depends on the type and composition of 

the above-mentioned solvent component and the desired 
properties of the recording liquid and can be determined 
from a broad range, being in a range from 10.0 to 70.0 Wt 
% of the total Weight of the ink. 

In addition to the above-mentioned components, as nec 
essary additives can be mixed into the ink of the present 
invention for giving the ink desired properties, for example 
viscosity regulators such as sodium alginate and polyvinyl 
alcohol, pH regulating agents such as alkali metal hydrox 
ides such as potassium hydroxide, sodium hydroxide and 
lithium hydroxide and pH buffering agents such as ammo 
nium phosphate, preservatives, corrosion-preventing agents, 
antioxidants, fungicides, and chelating agents. 

Furthermore, to promote drying of the ink after image 
formation, it is preferable for the ink compositions of the 
present invention to contain loWer alcohols such as ethanol, 
1-propanol and 2-propanol, anionic surfactants such as fatty 
acid salts and alkyl sulfate ester salts, and nonionic surfac 
tants such as acetylenic glycols, polyoxyethylene alkyl 
ethers and polyoxyethylene fatty acid esters. The loWer 
alcohol content is preferably in a range of 2 to 10 Wt %, more 
preferably 2 to 6 Wt %, relative to the total amount of the ink, 
and the surfactant content is preferably in a range of 0.01 to 
2 Wt % relative to the total amount of the ink. If these 
contents are less than this, then the effect of promoting 
drying Will not be suf?cient, Whereas if they are greater than 
this, then smudging may occur, there Will be adverse effects 
on the state of discharge (or ?ying) of the ink With the ink 
jet recording method, and the image quality Will drop. 

Furthermore, Water-soluble polymers or Water-soluble 
resins, antifoaming agents, pH regulators, fungicides and the 
like may be included in the ink of the present invention as 
necessary. 

According to the ink jet recording method of the present 
invention, color reproducibility is excellent for each of 
magenta, yelloW and cyan, and in addition good light 
fastness can be obtained both for single colors and for 
secondary colors and tertiary colors. 

Moreover, the inkjet recording method of the present 
invention is a method of carrying out recording using the ink 
described above, but any conventional publicly-knoWn 
method can be used as the head discharge method; in 
particular, in the case of a method in Which droplets are 
discharged by using the vibrations of pieZoelectric elements 
or a method using thermal energy, an excellent ink jet 
recording method can be carried out. 

Regarding the manufacture of the ink described above, 
manufacturing can be carried out folloWing normal methods. 
An example is a method in Which the ink is prepared by 
thoroughly mixing and dissolving the various components, 
carrying out pressure ?ltration using a membrane ?lter of 
pore siZe 0.8 pm, and then carrying out deaeration treatment 
using a vacuum pump. 

Then, the ink and ink set according to the present inven 
tion can be used With various recording methods. Examples 
of recording methods using the ink and ink set are an ink jet 
recording method, a recording method using a Writing 
instrument such as a pen, and other types of printing method 
using a recorder, a pen plotter or the like. In particular, the 
ink and ink set according to the present invention can be 
used especially suitably With an ink jet recording method in 
Which recording is carried out by discharging a recording 
liquid from minute noZZles provided in a recording head. 
Any conventional publicly-knoWn method can be used as 

the ink jet recording method; in particular, in the case of a 
method in Which droplets are discharged using the vibrations 
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of piezoelectric elements or a method using thermal energy, 
excellent image recording can be carried out. 

EXAMPLES 

Following is a more speci?c description of the present 
invention, citing examples, but the present invention is not 
limited thereto. 

Examples A 

18 
mix proportions shown in Tables 1 and 2 and then carrying 
out pressure ?ltration using a membrane ?lter of pore siZe 1 
pm. Note that regarding the various components of the inks 
shown in the tables, the wt % of each component relative to 

5 the total amount of the ink is shown, with the remainder 
being water. Moreover, for the ink sets of Examples 1 to 4, 
the components of each ink include a dye speci?ed in the 
present invention, whereas for the ink sets of Comparative 
Examples 1 to 4, the components of each ink include a dye 

Tables 1 to 3 10 different to the dye speci?ed in the present invention, or else 
The ink sets of the present Examples and Comparative a combination of the dye speci?ed in the present invention 

Examples were prepared by mixing and dissolving in the and another dye is used. 

TABLE 1 

Example 1 Example 2 Example 3 Example 4 

M Y C M Y C M Y C M Y C 

M1 3.5 
M-3 1 
M5 2.5 2 
M-7 2 

C.I. Direct Yellow 86 0.75 1 1.5 
C.I. Direct Yellow 132 2 2 1.5 
C.I. Direct Yellow 173 1 0.75 

C.I. Direct Blue 86 2 3 

C.I. Direct Blue 199 3.5 4 

TEGmBE 10 10 10 12 12 12 

DEGmBE 10 10 10 

DPGmBE 8 8 8 

TEG 10 10 10 10 10 10 

DEG 5 5 5 5 5 5 
GL 10 10 10 10 10 10 10 10 10 10 10 10 

Ol?ne E1010 1.0 1.0 1.0 1.0 1.0 1.0 

Ol?ne E104 1.0 1.0 1.0 

Ol?ne STG 0.5 0.5 0.5 

TEA 1.0 1.0 1.0 0.5 0.5 0.5 1.0 1.0 1.0 0.5 0.5 0.5 

EDTA 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

PUROKISERU XL-2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

TABLE 2 

Comparative Example 1 

M Y C 

Comparative F ample 2 Comparative F ample 3 Comparative F ample 4 

M Y C M Y C M Y C 

M-4 
M-6 
M-8 
M-10 

C.I. Acid Red 52 2.5 
C.I. Direct Red 227 
C.I. Direct Yellow 86 
C.I. Direct Yellow 132 
C.I. Direct Yellow 173 
C.I. Acid Yellow 32 2 
C.I. Direct Blue 86 
C.I. Direct Blue 199 

C.I. Acid Blue 9 4.0 
TEGmBE 10 10 10 
DEGmBE 
DPGmBE 
TEG 
DEG 10 10 10 
GL 10 10 10 

Ol?ne E1010 1.0 1.0 1.0 
Ol?ne E104 
Ol?ne STG 

TEA 1.0 1.0 1.0 
EDTA 0.01 0.01 0.01 

PUROKISERU XL-2 0.3 0.3 0.3 

1.5 

1.2 2 1.5 
2.5 0.5 

1.5 2.5 

3.5 
12 12 12 

10 10 10 
10 10 10 

10 10 10 
10 10 10 

10 10 10 10 10 10 8 8 8 
1.0 1.0 1.0 

1.0 1.0 1.0 
0.5 0.5 0.5 

0.5 0.5 0.5 1.0 1.0 1.0 0.5 0.5 0.5 
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
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The following supplements Tables 1 and 2. 

TEGmBE: Triethylene glycol monobutyl ether 
DEGmBE: Diethylene glycol monobutyl ether 
DPGmBE: Dipropylene glycol monobutyl ether 
TEG: Triethylene glycol 
DEG: Diethylene glycol 
GL: Glycerol 
TEA: Triethanolamine 
EDTA: Disodium ethylenediamine tetraacetate, a chelating 

agent Ol?ne E1010, Ol?ne 104, Ol?ne STG: products of 
Nissin Chemical Industry Co., Ltd., acetylenic glycol type 
surfactants 

PUROKISERU XL-2: product of Avecia, a preservative 

Using the inks obtained in above-mentioned Examples 1 
to 4 and Comparative Examples 1 to 4, printing Was carried 
out using an EM-900C ink jet printer (4-color cartridge) 
(made by Seiko Epson Corporation). The printing Was 
carried out using four types of recording medium, PM mat 
paper, super ?ne special glossy paper, and PM photographic 
paper, Which are all paper especially for ink jet printers (the 
above are all made by Seiko Epson Corporation), and Xerox 
4024 normal paper (made by Xerox Co., USA), and using 
these samples evaluation Was carried out With regard to Tests 
1 to 5 indicated beloW. 
Test 1: Light-fastness 

For each of the ink sets of the Examples and the Com 
parative Examples, the magenta, yelloW and cyan inks Were 
?lled into the respective ink chambers of an ink cartridge 
(made by Seiko Epson Corporation) for the EM-900C, and 
solid printing of magenta, yelloW, cyan, red, blue, green and 
composite black Was carried out. The printed sample Was 
then irradiated With light for 60 hours using a Ci35A xenon 
Weatherometer (made by Atlas Electronic Devices), the hue 
(L*,a*,b*) Was measured before and after the irradiation 
With light using a Gretag densitometer (made by Gretag), the 
color difference AE* ab Was determined from the folloWing 
equation, and judgement Was carried out based on the 
undermentioned evaluation criteria. 

Evaluation Criteria 

A: Color difference AE*ab not more than 5. 
B: Color difference AE*ab more than 5 but not more than 10. 
C: Color difference AE*ab more than 10 but not more than 

20. 
D: Color difference AE*ab more than 20. 

Test 2: Bleeding 
For each of the ink sets of above-mentioned Examples 1 

to 4 and Comparative Examples 1 to 4, for each of the 
recording media, solid printing of each of the colors Was 
carried out, and evaluation Was carried out in accordance 
With the undermentioned criteria With regard to Whether 
colors blurred or mixed together unevenly at boundaries 
betWeen one color and another. 
Evaluation Criteria 

A: No bleeding Whatsoever. 
B: Parts Where colors blurred or mixed together unevenly 

are slightly present, but no problem in terms of practical 
usage. 

C: Parts Where colors blurred or mixed together unevenly 
are conspicuous, someWhat of a problem in terms of 
practical usage. 

D: Very bad bleeding. 
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Test 3: Ability to Recover from NoZZle Clogging 
The inks of each of the ink sets Were ?lled into a head by 

repeating cleaning, it Was con?rmed by printing that ink Was 
discharged from each of the noZZles, and then the head Was 
left for 1 month in a 40° C. environment With the cap off. 
After this, the printer Was sWitched on, and judgement Was 
carried out based on the undermentioned evaluation criteria 
from the number of times that it Was necessary to carry out 
the cleaning operation until ink could be discharged from all 
of the noZZles. 
Evaluation Criteria 

A: Cleaned once. 
B: Cleaned 2 to 3 times. 
C: Cleaned 4 times or more. 
D: No discharge. 

Test 4: Quick-drying Ability 
Using each of the ink sets, single-color solid printing for 

each of the ink compositions, and solid printing combining 
and overlapping tWo colors, Were carried out. Once a 
prescribed time had passed after the printing, the paper on 
Which the printing had been carried out and another sheet of 
paper of the same type Were pushed together ?rmly, and it 
Was observed Whether or not ink Was transferred betWeen 
the tWo sheets. The results Were judged based on the 
undermentioned evaluation criteria. 
Evaluation Criteria 

A: For all of the print, ink transfer is not observed even if the 
time after printing is less than 1 second. 

B: For all of the print, ink transfer is not observed if the time 
after printing is at least 1 second but less than 2 seconds. 

C: For all of the print, ink transfer is not observed if the time 
after printing is at least 2 seconds but less than 5 seconds. 

D: For all of the print, ink transfer is observed even if 5 
seconds or more has passed after printing. 

Test 5: Discharge Stability (Prolonged Continuous 
Recording) 

Using each of the inks, continuous printing Was carried 
out for 48 hours under an environment of a temperature of 
5° C., 20° C. or 40° C. The time until dot omission or 
scattering of ink Was observed a total of 10 times Was 
measured. The results Were judged based on the undermen 
tioned evaluation criteria. 
Evaluation Criteria 

A: At all temperatures, there Was no dot omission, and stable 
printing Was possible. 

B: At one of the temperatures, dot omission started to occur 
as time passed. 

C: At one of the temperatures, dot omission occurred right 
from the start. 

The results of the above tests are shoWn in Table 3. 

TABLE 3 

CE CE CE CE 
Ex1 Ex2 Ex3 Ex4 1 2 3 4 

Test1 Xerox A A A A C C C B 
4024 
PM mat A A A A C C C B 

paper 
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TABLE 3-continued 

CE CE CE CE 
EX1 EX2 EX3 EX4 1 2 3 4 5 EX1 EX2 EX3 EX4 1 2 3 4 

Glossy A A A A c c c B Test 4 A A A A A A A A 
paper Test 5 A A A A A A A A 
PM A A A A C C C B 
photo- Ex 1—5 means Example 1—5, 
graphic CE 1—5 means Comparative Example 1-5. 
Paper 10 

Test 2 Xerox B A A A B B A B E 1 B 
4024 xamp es 

PM mat A A A A A A A A Tables 4 to 8 
paper Dark magenta inks (M) and light magenta inks (LM) of 
Glossy A A A A A A A A the Examples and Comparative Examples Were manufac 
Paper 15 tured using the previously mentioned ink manufacturing 
PM A A A A A A A A . . . . 

photo_ method‘ With compositions shown in Table 4 and Table 5 
graphic respectively. Note that regarding the amounts of the various 
paper components of the inks shoWn in the tables, the Wt % of each 

Test 3 B A A B B A A B component relative to the total Weight of the ink is shoWn, 
With the remainder being ion exchange Water. 

TABLE 4 

Compara- Compara- Compara 
tive tive tive 

Example Example Example Example Example Example Example Example 
1M 2M 3M 4M 5M 1M 2M 3M 

Dye (M-l) 2.2 (M-4) 2.7 (M-7) 3.5 (M-lO) 1.0 (M-l) 1.5 or. C.I. c1. 
(M-10) 2.5 Acid Direct Reactive 

Red 52 Red 227 Red 180 

2.0 4.0 2.7 

Glycerol 10 10 5 10 10 10 10 10 

Diethylene 11 5 5 5 13 13 13 
glycol 
Triethylene 5 8 
glycol 
Triethanol- 1 1 

amine 

2-pyrroli- 3 2 2 
done 

1,2-hexane- 5 8 
diol 

Urea 3 5 

Diethylene 1 
glycol 
monobutyl 
ether 
Triethylene 1O 1O 1O 1O 1O 
glycol 
monobutyl 
ether 

Dipropylene 1O 
glycol 
monobutyl 
ether 
Ol?ne STG 0.5 0.5 

Ol?ne E1010 1 1 0.2 1 1 1 1 

Ol?ne E104 0.5 

EDTA" 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

PUROKISERU 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

XL—2** 

BenZO- 0.01 0.01 0.01 0.01 0.1 0.01 0.01 0.01 

triazole*** 

Potassium 0.1 

hydroxide 

EDTA": Sodium ethylenediamine tetraacetate (metal masking agent) 
PUROKISERU XL—2**: Preservative (product of Avecia) 
Benzotriazole***: Corrosion-preventing agent 
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TABLE 5 

24 

Example 
1LM 

Example 
2LM 

Example 
3LM 

Example 
4LM 

Compara 

Example 

Compara 
tive 

Example 
2LM 

Compara 
tive 

Example 
3LM 

tive 

Dye (LM-l) (LM-4) (LM-6) (LM-9) 
1.5 2.0 3.0 0.5 

Glycerol 
Diethylene 
glycol 
Triethylene 
glycol 
Triethanol- 1 
amine 
2-pyrroli- 2 
done 

1,2-hexane- 5 5 
diol 
Urea 5 
Diethylene 10 
glycol 
monobutyl 
ether 
Triethylene 
glycol 
monobutyl 
ether 
Dipropylene 
glycol 
monobutyl 
ether 
Ol?ne STG 0.5 
Ol?ne 1 1 
E1010 

E104 
EDTA* 
PUROKISERU 
XL-2* * 

Benzo 
triaZole * * * 

Potassium 
hydroxide 

10 10 5 
13 5 5 5 

10 

10 10 

10 

0.5 

0.02 
0.3 

0.02 
0.3 

0.02 
0.3 

0.02 
0.3 

0.02 
0.3 

0.01 0.01 0.01 0.01 0.01 

0.1 0.05 

Red 52 

C.I. 
Acid 

C.I. 
Acid 
Red 82 

2.5 
10 
15 

(M1) 
0.7 

0.5 
10 
15 15 

0.5 

10 10 10 

0.02 
0.3 

0.02 
0.3 

0.02 
0.3 

0.01 0.01 0.01 

0.05 

EDTA": Sodium ethylenediamine tetraacetate (metal masking agent) 
PUROKISERU XL-2**: Preservative (product of Avecia) 
Benzotriazole***: Corrosion-preventing agent 

Next, for the inks obtained, evaluation Was carried out 
With regard to Tests 1 to 4, using the recording media shoWn 
beloW. 1) is so-called normal paper, While 2) to 4) are 
recording media especially for ink jet printers. 
Recording Media 

1) Xerox 4024 (Xerox Co., USA) 
2) Epson PM mat paper (Seiko Epson Corporation) 
3) Epson Photoprint Paper 2 (Seiko Epson Corporation) 
4) Epson PM photographic paper (Seiko Epson Corporation) 

Moreover, in the evaluation tests, a PM-800C ink jet 
printer (made by Seiko Epson Corporation) Was used. 

In the light-fastness tests, evaluation Was carried out using 
a Ci5000 xenon Weatherometer (made by Atlas Electronic 
Devices) as a light-fastness accelerated testing apparatus. 
Test 1: Light-fastness—1 

For each of the inks of the Examples and the Comparative 
Examples, single-color solid printing (printing of com 
pletely ?lled-in blocks) Was carried out on the recording 
media 1) to 4). 100-hour light-fastness tests Were then 
carried out on the printed samples using a Ci5000 xenon 
Weatherometer (made by Atlas Electronic Devices), the 
color difference AE*ab between before and after the test Was 

45 

50 
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60 

65 

determined from the following equation (i), and judgement 
Was carried out using the undermentioned criteria. 

Judgement Criteria 

A: Color difference AE*ab not more than 5. 
B: Color difference AE*ab more than 5 but not more than 10. 
C: Color difference AE* ab more than 10 but not more than 

20. 
D: Color difference AE*ab more than 20. 

Test 2: Ability to Recover from NoZZle Clogging 
The inks of the Examples and the Comparative Examples 

Were ?lled into a PM-800C print head, the print head Was 
left for 1 month in a 40° C. environment With the cap off, and 
then the ability to recover from clogging Was judged using 
the undermentioned criteria from the number of times that it 
Was necessary to carry out the cleaning operation until 
normal discharge could be carried out from all of the 
noZZles. 
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Evaluation Criteria 

A: Recovers by cleaning no more than 2 times. 
B: Recovers by cleaning 3 to 5 times. 
C: Recovers by cleaning 6 or more times. 
D: Does not recover. 

The results of Tests 1 and 2 are shoWn in Table 6. 

TABLE 6 

Recording medium 

Test 1: Light-fastness — 1 

Ink Test 2 

Examples 

Comparative 
Examples 

Examples 

Comparative 
Examples 

Test 3: Light-fastness—2 
The dark and light magenta inks of the Examples and 

Comparative Examples Were ?lled in the combinations 
shoWn in Table 7 into the dark magenta ink chamber and 
light magenta ink chamber of a PM-800C ink cartridge 
(model number IC5CL05, made by Seiko Epson 
Corporation), and red, blue and composite black 70% den 
sity solid printing Was carried out on the recording media 1) 
to 4 . 

The printing method Was adjusted such that the 70% 
density red Was constituted from the dark magenta, light 
magenta and yelloW inks, the 70% density blue Was consti 
tuted from the dark magenta, light magenta, dark cyan and 
light cyan inks, and the 70% density composite black Was 
constituted from the dark magenta, light magenta, dark cyan, 
light cyan, yelloW and black inks. 

Note that for the yelloW ink, the dark cyan ink, the light 
cyan ink and the black ink, the original inks of a PM-770C 
ink cartridge Were used. 

TABLE 7 

Dark magenta ink Light magenta ink 

Example 1 Example 1M Example 1LM 
Example 2 Example 2M Example 2LM 
Example 3 Example 3M Example 3LM 
Example 4 Example 4M Example 4LM 
Example 5 Example 5M Example 5LM 
Comparative Example 1 Comparative Comparative 

Example 1M Example 1LM 
Comparative Example 2 Comparative Example 1LM 

Example 2M 
Comparative Example 3 Comparative Example 1LM 

Example 3M 
Comparative Example 4 Comparative Comparative 

Example 3M Example 3LM 
Comparative Example 5 Example 1M Comparative 

Example 2LM 
Comparative Example 6 Example 1M Comparative 

Example 3LM 
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100-hour light-fastness tests Were then carried out on the 

printed samples using a Ci5000 xenon Weatherometer (made 
by Atlas Electronic Devices), AE*ab betWeen before and 
after the test Was determined from equation as in Test 1, 
and judgement Was carried out using the undermentioned 
criteria. 
Judgement Criteria 

A: Color difference AE*ab not more than 5. 
B: Color difference AE*ab more than 5 but not more than 10. 
C: Color difference AE* ab more than 10 but not more than 

20. 
D: Color difference AE*ab more than 20. 

Test 4: Bleeding 
For the compositions shoWn in Table 7, for the recording 

media 1) to 4), solid printing of each of the colors Was 
carried out, and evaluation Was carried out in accordance 
With the undermentioned criteria With regard to Whether 
colors blurred or mixed together unevenly at boundaries 
betWeen one color and another. 

Judgement Criteria 

A: No bleeding Whatsoever. 
B: Parts Where colors blurred or mixed together unevenly 

are slightly present, but no problem in terms of practical 
usage. 

C: Parts Where colors blurred or mixed together unevenly 
are conspicuous, someWhat of a problem in terms of 
practical usage. 

D: Very bad bleeding. 

The evaluation results for Tests 3 and 4 are shoWn in Table 
8. 

TABLE 8 

Recording Test 3: Light-fastness-2 Test 4 

Ink set medium 1) 2) 3) 4) 1) 2) 3) 4) 

Example1 Red A A A A A A A A 
Blue A A A A 
Black A A A A 

Example2 Red A A A A A A A A 
Blue A A A A 
Black A A A A 

Example3 Red A A A A B A A B 
Blue A A A A 
Black A A A A 

Example4 Red A A A A A A A A 
Blue A A A A 
Black A A A A 

Example5 Red A A A A B A A C 
Blue A A A A 
Black A A A A 

Comparative Red D D D D A A A A 
Example 1 Blue A B B B 

Black D D D D 
Comparative Red C D D B A A A A 
Example2 Blue C C C C 

Black B B B B 
Comparative Red B D D B A A A A 
Example3 Blue B C B A 

Black B C C A 
Comparative Red B D D B A A A A 
Example4 Blue C C C D 

Black C C C D 
Comparative Red A A A A A A A A 
Example5 Blue B C B C 

Black B C B C 
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TABLE 8-continued 

28 
mix proportions shown in Tables 9 to 11 and then carrying 
out pressure ?ltration using a membrane ?lter of pore siZe 1 
pm. Note that regarding the various components of the inks 

Recording Test 4 shown in the tables, the wt % of each component relative to 
Ink d_ 1 2 3 4 1 2 3 4 5 the total amount of the ink is shown, with the remainder 

Set me mm ) ) ) ) ) ) ) ) being water. Moreover, for the ink sets of Examples 1 to 5, 
Comparative Red A A A A A A A A the components of each ink include a dye speci?ed in the 
Example 6 Blue B C B D present invention, whereas for the ink sets of Comparative 

Black C C C C E 11 d2th 1r h'k'ld 1 xamp es an , e componen s o eac 1n 1nc u e on y 

10 a dye of a type different to the dye speci?ed in the present 
Examples C invention. The ink sets of Comparative Examples 3 to 5 are 

Tables 9 to 12 ink sets comprising magenta ink, yellow ink and cyan ink 
The ink sets of the present Examples and Comparative that use both a dye speci?ed in the present invention and a 

Examples were prepared by mixing and dissolving in the dye of a different type to this. 

TABLE 9 

Example 1 Example 2 

M LM Y C LC M LM Y C LC 

M-1 2 
M-3 1.2 

M-7 
LM-5 1 
LM-10 0.8 

LM-12 
C.I. Direct Yellow 86 2 1 
C.I. Direct Yellow 132 0.75 
C.I. Direct Yellow 173 2.5 

C.I. Direct Blue 86 2.5 2 
C.I. Direct Blue 199 3 0.8 

TEGmBE 10 10 10 10 10 
DEGmBE 10 10 10 10 10 
DPGmBE 

TEG 8 8 8 8 8 
DEG 10 10 10 10 10 
GL 10 10 10 10 10 10 10 10 10 10 

Ol?ne E1010 1.0 1.0 1.0 1.0 1.0 
Ol?ne E104 1.0 1.0 1.0 1.0 1.0 
Ol?ne STG 

TEA 1.0 1.0 1.0 1.0 1.0 0.5 0.5 0.5 0.5 0.5 
EDTA 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

PUROKISERU XL-2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

Example 3 Example 4 

M LM Y C LC M LM Y C LC 

3.5 

2.5 

C.I. Direct Yellow 86 0.5 3 

C.I. Direct Yellow 132 

C.I. Direct Yellow 173 1.5 1 

C.I. Direct Blue 86 1.5 1.5 

C.I. Direct Blue 199 4 3 

TEGmBE 

DEGmBE 

DPGmBE 

TEG 

DEG 

GL 

Ol?ne E1010 

Ol?ne E104 

Ol?ne STG 

TEA 

EDTA 

10 1O 1O 1O 1O 

1 1 1 1 1 1.0 1.0 1.0 1.0 1.0 

1.0 1.0 1.0 1.0 1.0 0.5 0.5 0.5 0.5 0.5 

0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

PUROKISERU XL-2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
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TABLE 10 

Example 5 Comparative Example 1 Comparative Example 2 

M LM Y C LC M LM Y C LC M LM Y C LC 

M-4 2 

M-10 2 
LM-2 1.5 
LM-7 1.5 

CI. Direct Red 227 2 1 

CI. Acid Red 52 

CI. Acid Red 249 

CI. Direct YelloW 86 2 

CI. Direct YelloW 132 

CI. Direct YelloW 173 2 

CI. Direct YelloW 142 2.5 

CI. Acid YelloW 32 

CI. Direct Blue 86 

CI. Direct Blue 199 2.5 2.5 
CI. Acid Blue 9 4 

TEGmBE 10 10 10 10 10 10 10 10 10 10 

DEGmBE 

DPGmBE 

TEG 

DEG 10 10 10 10 10 10 10 10 10 10 

GL 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

Ol?ne E1010 0.3 0.3 0.3 0.3 0.3 1.0 1.0 1.0 1.0 1.0 

Ol?ne E104 

Ol?ne STG 

TEA 1 1 1 1 1 1.0 1.0 1.0 1.0 1.0 0.5 0.5 0.5 0.5 0.5 

EDTA 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

PUROKISERU XL-2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

3.5 0.8 

10 10 10 10 10 

1.0 1.0 1.0 1.0 1.0 

TABLE 11 

Comparative Example 3 Comparative Example 4 Comparative Example 5 

M LM Y C LC M LM Y C LC M LM Y C LC 

M-2 2 2 

M-6 

LM-3 

LM-8 2 

CI. Direct Red 227 3 

CI. Acid Red 52 1.5 
CI. Acid Red 249 

CI. Direct YelloW 86 2 

CI. Direct YelloW 132 1 

CI. Direct YelloW 173 

CI. Direct YelloW 142 1.5 

CI. Acid YelloW 32 2.5 

CI. Direct Blue 86 2 

CI. Direct Blue 199 

CI. Acid Blue 9 2 

TEGmBE 

DEGmBE 10 10 10 10 10 

DPGmBE 8 8 8 8 8 

TEG 8 8 8 8 8 

DEG 8 8 8 8 8 10 10 10 10 10 

GL 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

Ol?ne E1010 0.3 0.3 0.3 0.3 0.3 

Ol?ne E104 1 1 1 1 1 1.0 1.0 1.0 1.0 1.0 

Ol?ne STG 

TEA 1.0 1.0 1.0 1.0 1.0 0.5 0.5 0.5 0.5 0.5 1 1 1 1 1 

EDTA 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

PUROKISERU XL-2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

0.8 

1.2 

1.5 2 0.5 

10 10 10 10 10 
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The following supplements Tables 9 to 11. 

TEGmBE: Triethylene glycol monobutyl ether 
DEGmBE: Diethylene glycol monobutyl ether 
DPGmBE: Dipropylene glycol monobutyl ether 
TEG: Triethylene glycol 
DEG: Diethylene glycol 
GL: Glycerol 
TEA: Triethanolamine 
EDTA: Disodium ethylenediamine tetraacetate, a chelating 

agent Ol?ne E1010, Ol?ne E104, Ol?ne STG: products of 
Nissin Chemical Industry Co., Ltd., acetylenic glycol type 
surfactants 

PUROKISERU XL-2: product of Avecia, a preservative 

Using the inks obtained in above-mentioned Examples 1 
to 5 and Comparative Examples 1 to 5, printing Was carried 
out using a PM-800C ink jet printer (6-color cartridge) 
(made by Seiko Epson Corporation). The printing Was 
carried out using four types of recording medium, PM mat 
paper, super ?ne special glossy paper, and PM photographic 
paper, Which are all paper especially for ink jet printers (the 
above are all made by Seiko Epson Corporation), and Xerox 
4024 normal paper (made by Xerox Co., USA), and using 
these samples evaluation Was carried out With regard to Tests 
1 to 5 indicated beloW. 
Test 1: Light-fastness 

For each of the ink sets of the Examples and the Com 
parative Examples, the dark and light magenta, yelloW, and 
dark and light cyan inks Were ?lled into the respective ink 
chambers of an ink cartridge (made by Seiko Epson 
Corporation) for the PM-800C, and solid printing of 
magenta, yelloW, cyan, red, blue, green and composite black 
Was carried out. The printing method Was adjusted such that 
the red Was constituted from the dark magenta, light 
magenta and yelloW inks, the blue Was constituted from the 
dark magenta, light magenta, dark cyan and light cyan inks, 
the green Was constituted from the yelloW, dark cyan and 
light cyan inks, and the composite black Was constituted 
from the dark magenta, light magenta, yelloW, dark cyan, 
light cyan and black inks. The printed sample Was then 
irradiated With light for 60 hours using a. Ci35A xenon 
Weatherometer (made by Atlas Electronic Devices), the hue 
(L*,a*,b*) Was measured before and after the irradiation 
With light using a Gretag densitometer (made by Gretag), the 
color difference AE* ab Was determined from the folloWing 
equation, and judgement Was carried out based on the 
undermentioned evaluation criteria. 

A: Color difference AE*ab not more than 5. 
B: Color difference AE*ab more than 5 but not more than 10. 
C: Color difference AE*ab more than 10 but not more than 

20. 
D: Color difference AE*ab more than 20. 

Test 2: Bleeding 
For each of the ink sets of above-mentioned Examples 1 

to 5 and Comparative Examples 1 to 5, for each of the 
recording media, solid printing of each of the colors Was 
carried out, and evaluation Was carried out in accordance 
With the undermentioned criteria With regard to Whether 
colors blurred or mixed together unevenly at boundaries 
betWeen one color and another. 
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Evaluation Criteria 

A: No bleeding Whatsoever. 
B: Parts Where colors blurred or mixed together unevenly 

are slightly present, but no problem in terms of practical 
usage. 

C: Parts Where colors blurred or mixed together unevenly 
are conspicuous, someWhat of a problem in terms of 
practical usage. 

D: Very bad bleeding. 

Test 3: Ability to Recover from NoZZle Clogging 
The inks of each of the ink sets Were ?lled into a head by 

repeating cleaning, it Was con?rmed by printing that ink Was 
discharged from each of the noZZles, and then the head Was 
left for 1 month in a 40° C. environment With the cap off. 
After this, the printer Was sWitched on, and judgement Was 
carried out based on the undermentioned evaluation criteria 
from the number of times that it Was necessary to carry out 
the cleaning operation until ink could be discharged from all 
of the noZZles. 
Evaluation Criteria 

A: Cleaned once. 
B: Cleaned 2 to 3 times. 
C: Cleaned 4 times or more. 
D: No discharge. 

Test 4: Quick-drying Ability 
Using each of the ink sets, single-color solid printing for 

each of the ink compositions, and solid printing combining 
tWo colors, Were carried out. Once a prescribed time had 
passed after the printing, the recording paper on Which the 
printing had been carried out and another sheet of paper of 
the same type Were pushed together ?rmly, and it Was 
observed Whether ink Was transferred betWeen the tWo 
sheets. The results Were judged based on the undermen 
tioned evaluation criteria. 
Evaluation Criteria 

A: For all of the print, ink transfer is not observed even if the 
time after printing is less than 1 second. 

B: For all of the print, ink transfer is not observed if the time 
after printing is at least 1 second but less than 2 seconds. 

C: For all of the print, ink transfer is not observed if the time 
after printing is at least 2 seconds but less than 5 seconds. 

D: For all of the print, ink transfer is observed even if 5 
seconds or more has passed after printing. 

Test 5: Discharge Stability (Prolonged Continuous 
Recording) 

Using each of the inks, continuous printing Was carried 
out for 48 hours under an environment of a temperature of 
5° C., 20° C. or 40° C. The time until dot omission or 
scattering of ink Was observed a total of 10 times Was 
measured. The results Were judged based on the undermen 
tioned evaluation criteria. 
Evaluation Criteria 

A: At all temperatures, there Was no dot omission, and stable 
printing Was possible. 

B: At one of the temperatures, dot omission started to occur 
as time passed. 

C: At one of the temperatures, dot omission occurred right 
from the start. 

The results of the above tests are shoWn in Table 12. 
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TABLE 12 

Ex1 Ex2 Ex3 Ex4 Ex5 CE1 CE2 CE3 CE4 CE5 

Test 1 Xerox 4024 A A A A A C C B B B 
PM mat paper A A A A A C C B B B 
Glossy paper A A A A A C C B B B 
PM photographic paper A A A A A C C B B B 

Test 2 Xerox 4024 A A A A A B B A A A 
PM mat paper A A A A A A A A A A 
Glossy paper A A A A A A A A A A 
PM photographic paper A A A A A A A A A A 

Test 3 A A B B B B A A B B 
Test 4 A A A A A A A A A A 
Test 5 A A A A A A A A A A 

Ex 1-5 means Example 1-5, 
CE 1-5 means Comparative Example 1-5. 

INDUSTRIAL APPLICABILITY 

According to the present invention, in the case of an ink 
jet recording method, an ink set and ink jet recording method 
can be provided according to Which light-fastness is 
excellent, and moreover color reproducibility, clogging 
properties and other properties are good. 

Moreover, according to the present invention, an ink set 
can be provided according to Which reliability With regard to 
clogging and so on is high, vividness and light-fastness are 
obtained, and color images can be obtained that have excel 
lent vividness and light-fastness even in mixed color parts 
Were mixing is carried out With ink of another hue. 

Furthermore, according to the ink jet recording method 
using the ink of the present invention, in the case that image 
formation is carried out on any of various recording media 
such as paper and resin ?lm, a vivid image quality can be 
obtained, and moreover a color image having excellent 
light-fastness can be provided. 
What is claimed is: 
1. An ink set comprising inks each of Which contains at 

least a dye, a Water-soluble organic solvent and Water, 
the ink set comprising a combination of magenta ink that 

contains a dye having a structure shoWn in general 
formula (I) beloW, yelloW ink, and cyan ink: 

General formula [I]: 

Y 

N)\ N 
I A / NH 

HO HN N NH Y 
O 
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M: —H, —Li, —Na, —K, —NH4 or —NH(CH2OH)3 
n=integer from 2 to 10 

m=integer from 1 to 4 

l=0 or 1. 

2. The ink set according to claim 1, Wherein said yelloW 
ink contains at least one dye selected from the group 
consisting of a dye containing C.I. Direct YelloW 86 and CI. 
Direct YelloW 132 in a Weight ratio of 1:3 to 3:1, and a dye 
containing C.I. Direct YelloW 86 and CI. Direct YelloW 173 
in a Weight ratio of 1:4 to 4:1, 

and said cyan ink contains at least one dye selected from 
the group consisting of CI. Direct Blue 86 and CI. 
Direct Blue 199. 

3. The ink set according to claim 2, Wherein the dye 
having a structure shoWn in said general formula (I) is a 
Water-soluble dye. 

4. The ink set according to claim 3, Wherein said magenta 
ink contains 1.0 to 4.0 Wt % of the dye shoWn in said general 
formula (I) relative to the total amount of said magenta ink, 

said yelloW ink contains 0.3 to 4.0 Wt % of at least one dye 
selected from the group consisting of a dye containing 
C.I. Direct YelloW 86 and CI. Direct YelloW 132 in a 
Weight ratio of 1:3 to 3:1, and a dye containing C.I. 
Direct YelloW 86 and CI. Direct YelloW 173 in a Weight 
ratio of 1:4 to 4:1, relative to the total amount of said 
yelloW ink, and 

said cyan ink contains 1.0 to 4.0 Wt % of at least one dye 
selected from the group consisting of CI. Direct Blue 
86 and CI. Direct Blue 199 relative to the total amount 
of said cyan ink. 

5. The ink set according to claim 2, containing a loWer 
alkyl glycol ether. 

6. The ink set according to claim 5, Wherein said loWer 
alkyl glycol ether contains at least one compound selected 
from the group consisting of diethylene glycol monobutyl 
ether, triethylene glycol monobutyl ether, propylene glycol 
monobutyl ether, and dipropylene glycol monobutyl ether. 

7. The ink set according to claim 5, containing 3.0 to 20.0 
Wt % of said loWer alkyl glycol ether relative to the total 
Weight of the ink. 

8. The ink set according to claim 2, containing an acety 
lenic glycol type nonionic surfactant. 

9. The ink set according to claim 8, containing 0.01 to 3.0 
Wt % of said acetylenic glycol type nonionic surfactant 
relative to the total Weight of the ink. 

10. The ink set according to claim 2, containing 3.0 to 
50.0 Wt % of the Water-soluble organic solvent relative to the 
total Weight of the ink. 
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11. An ink jet recording method of forming a color image 
using at least magenta ink, yellow ink and cyan ink, the ink 
jet recording method using the ink set according to claim 2. 

12. The ink set according to claim 1, Wherein said 
magenta ink is dark and light magenta ink comprising dark 
magenta ink containing the dye having a structure shoWn in 
said general formula (I), and light magenta ink containing a 
dye having a structure shoWn in general formula (II) beloW: 

General formula (II): 

0 

CH3 

N4 

(Where X‘ indicates an anilino group substituted With at least 
one $03M; 

Y‘ indicates OH, Cl or a morpholino group; and 
M‘ indicates H, Li, Na, K, ammonium, or an organic 

amine). 
13. The ink set according to claim 12, Wherein the 

magenta dyes shoWn in said general formula (I) and general 
formula (II) are Water-soluble. 

14. The ink set according to claim 12, Wherein said dark 
magenta ink contains 1 to 5 Wt % of the dye having a 
structure shoWn in said general formula (I) relative to the 
total Weight of said dark magenta ink, 

and said light ink set contains 0.5 to 4 Wt % of the dye 
having a structure shoWn in said general formula (II) 
relative to the total Weight of said light magenta ink. 

15. The ink set according to claim 12, containing a loWer 
alkyl glycol ether. 

16. The ink set according to claim 15, Wherein said loWer 
alkyl glycol ether contains at least one compound selected 
from the group consisting of diethylene glycol monobutyl 
ether, triethylene glycol monobutyl ether, propylene glycol 
monobutyl ether, and dipropylene glycol monobutyl ether. 

17. The ink set according to claim 12, containing an 
acetylenic glycol type nonionic surfactant. 

18. An ink jet recording method of carrying out ink jet 
recording using the ink set according to claim 12. 

19. The ink set according to claim 1, Wherein said 
magenta ink is dark and light magenta ink comprising dark 
magenta ink containing the dye having a structure shoWn in 
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said general formula (I), and light magenta ink containing a 
dye having a structure shoWn in general formula (II) beloW, 

said yelloW ink contains at least one dye selected from the 
group consisting of a dye containing C.I. Direct YelloW 
86 and CI. Direct YelloW 132 in a Weight ratio of 1:3 
to 3:1, and a dye containing C.I. Direct YelloW 86 and 
CI. Direct YelloW 173 in a Weight ratio of 1:4 to 4:1, 
and 

said cyan ink is dark and light cyan ink containing at least 
one dye selected from the group consisting of CI. 
Direct Blue 86 and CI. Direct Blue 199: 

General formula (II): 

(Where X‘ indicates an anilino group substituted With at least 
one $03M; 

Y‘ indicates OH, Cl or a morpholino group; and 
M‘ indicates H, Li, Na, K, ammonium, or an organic 

amine). 
20. The ink set according to claim 19, Wherein said dark 

magenta ink contains 1.0 to 4.0 Wt % of the dye shoWn in 
said general formula (I) relative to the total Weight of said 
dark magenta ink, 

said light magenta ink contains 0.5 to 3.0 Wt % of the dye 
shoWn in said general formula (II) relative to the total 
Weight of said light magenta ink, 

said yelloW ink contains 0.3 to 4.0 Wt % of at least one dye 
selected from the group consisting of a dye containing 
C.I. Direct YelloW 86 and CI. Direct YelloW 132 in a 
Weight ratio of 1:3 to 3:1, and a dye containing C.I. 
Direct YelloW 86 and CI. Direct YelloW 173 in a Weight 
ratio of 1:4 to 4:1, relative to the total Weight of said 
yelloW ink, and 

said dark and light cyan ink comprises dark cyan ink 
containing 1.0 to 4.0 Wt % of at least one dye selected 
from the group consisting of CI. Direct Blue 86 and 
CI. Direct Blue 199 relative to the total Weight of said 
dark cyan ink, and light cyan ink containing 0.5 to 3.0 
Wt % of at least one dye selected from the group 
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consisting of CI. Direct Blue 86 and CI. Direct Blue 
199 relative to the total Weight of said light cyan ink. 

21. The ink set according to claim 19, containing a loWer 
alkyl glycol ether. 

22. The ink set according to claim 21, Wherein said loWer 
alkyl glycol ether contains at least one compound selected 
from the group consisting of diethylene glycol rnonobutyl 
ether, triethylene glycol rnonobutyl ether, propylene glycol 
rnonobutyl ether, and dipropylene glycol rnonobutyl ether. 

23. The ink set according to claim 21, containing 3.0 to 
20.0 Wt % of said loWer alkyl glycol ether relative to the total 
Weight of the ink. 

24. The ink set according to claim 19, containing an 
acetylenic glycol type nonionic surfactant. 

25. The ink set according to claim 24, containing 0.01 to 
3.0 Wt % of said acetylenic glycol type nonionic surfactant 
relative to the total Weight of the ink. 

26. The ink set according to claim 19, containing 3.0 to 
50.0 Wt % of the Water-soluble organic solvent relative to the 
total Weight of the ink. 

27. An ink jet recording method of forming a color image 
using at least dark and light rnagenta ink, yelloW ink, and 
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dark and light cyan ink, the recording method using the ink 
set according to claim 19. 

28. The ink set according to claim 12, Wherein said dark 
rnagenta ink contains 1 to 5 Wt % of the dye shoWn in said 
general formula (I) relative to the total amount of said dark 
rnagenta ink, 

said light rnagenta ink contains 0.5 to 4 Wt % of the dye 
shoWn in said general formula (II) relative to the total 
amount of said light rnagenta ink, 

said yelloW ink contains 0.3 to 4.0 Wt % of at least one dye 
selected from the group consisting of a dye containing 
C.I. Direct YelloW 86 and CI. Direct YelloW 132 in a 
Weight ratio of 1:3 to 3:1, and a dye containing C.I. 
Direct YelloW 86 and CI. Direct YelloW 173 in a Weight 
ratio of 1:4 to 4:1, relative to the total amount of said 
yelloW ink, and 

said cyan ink contains 1.0 to 4.0 Wt % of at least one dye 
selected from the group consisting of CI. Direct Blue 
86 and CI. Direct Blue 199 relative to the total amount 
of said cyan ink. 

* * * * * 


